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显著下降。在培养温度为 20 ºC，光强为 320 μmol photons m-2 s-1 的条件下，其生
长的半饱和 DIN 浓度（Km）为 3.06 μM。氮限制对光合作用的影响主要表现为最
大光合作用速率（Pmax）和光能利用效率（α）的降低。在斑点海链藻受到中等程
度的氮限制（31.61 μM > DIN > 3.61 μM）时，单位细胞 PON 含量明显下降而
POC 和 BSi 含量却有所上升，导致 C: N 和 BSi: N 显著升高。POC 和 BSi 生产
率在中等程度氮限制条件下维持相对稳定，但在受到极端限制（DIN ﹤3.61 μM）

























氮限制和非限制处理的斑点海链藻 P-C 曲线的拟合，发现氮限制降低了其对 DIC





















Marine diatoms contribute a large fraction of oceanic primary production, and 
play an important role in marine biogeochemical cycle. Due to their high growth and 
sinking rates, they contribute significantly to carbon export in upwelling regions. 
Diatoms’ growth is restricted by nutrient-limitation in the oligotrophic oceans, 
especially nitrogen (N). As a consequence of global climate change, marine diatoms 
might experience more exposure to solar radiation but limitation in nutrient supply. For 
larger species, they are more sensitive to deficient nutrient supply due to low surface 
area to volume ratio. At the same time, elevated solar radiation will also cause higher 
photoinhibition on diatoms. However, there are few reports on the coupling effects of 
nitrogen-limitation and high solar radiation on diatoms. In this thesis, a medium-sized 
diatom, Thalassiosira punctigera, is selected to examine the effects of nitrogen-
limitation on physiological and biochemical characteristics .. The main results are as 
follows: 
1. The growth rate and Chl a content of Thalassiosira punctigera were all 
significantly decreased when nitrate supply becomes restricted, with half-saturated 
concentration of DIN (Km) around 3.06 μM. N-limitation also inhibits the maximum 
photosynthetic rate (Pmax) and light efficiency (α). However, increased particulate 
organic carbon (POC) and biogenic silicate (BSi) content and reduced particulate 
organic nitrogen (PON) were observed under moderately N-limited condition (31.61 
μM > DIN > 3.61 μM). This resulted to upward shifts of C: N and BSi: N of the cells, 
maintained POC production rate relatively stable under moderate N limitation though 
PON production rate decreased significantly. Under the extreme limitation, e.g. below 
the half saturation point of growth rate, both POC and PON production rates decreased 
significantly. 
2. N-limitation affects the responses of photosynthesis of Thalassiosira 
punctigera to light. N-limitation did not show effects on the dark adapted 
photochemical yields. While the effective photochemical yield (Fv’/Fm’) declined 
















cells were transferred to high light (PAR) or high light + UVR (PAB) condition. N-
limitation intensified the photoinhibition of high light or UVR, while reduced the repair 
capability under low light without UVR. In detail, N-limitation accelerated the damage 
rate (k) under high light intensity and UVR while slowdown the repair rate (r) under 
UVR, thus decreased the r to k ratio (r/k) o during high light exposure. 
3. Photosynthesis versusInorganic Carbon curve shown that N-limitation 
would reduce the affinity of DIC, while no effects on CA activity. 
 
 


















ATP Adenosine triphosphate 三磷酸腺苷 
AZ Acetazolamide 乙酰唑磺胺 
BSi Biogenic silicon 生源硅 
CA Carbonic anhydrase 碳酸酐酶 
CCM Carbon concentrating mechanism 无机碳浓缩机制 
CFCs Chlorofluorocarbons 氟氯烷烃 
Chl a Chlorophyll a 叶绿素 a 
DIC Dissolved inorganic carbon 溶解性无机碳 
DIN Dissolved inorganic nitrogen 溶解性无机氮 
eCA Extracellular carbonic anhydrase 胞外碳酸酐酶 
Ek Light saturation parameter 光饱和参数 
EZ Ethoxyzolamide 乙氧苯并噻唑磺胺 
FA Fatty acid 脂肪酸 
Fm Maximum fluorescence 暗适应最大荧光 
Fm’ Maximal instant fluorescence 光适应最大荧光 
Ft Instant fluorescence 实时荧光 
Fv/Fm Maximum photochemical yield 最大光化学效率 
Fv’/Fm’ Effective photochemical yield 有效光化学效率 
HN High nitrogen 高氮处理 
iCA Intracellular carbonic anhydrase 胞内碳酸酐酶 
k Damage rate 损伤速率 
LN Low nitrogen 低氮处理 
MAAs Mycosporine-like amino acids 三苯甲咪唑类氨基酸 
NPQ Non-photochemical quenching 非光化学淬灭 
OA Ocean acidification 海洋酸化 
PAB PAR+UVA+UVB (280-700 nm) 全波长阳光辐射 
















PAR Photosynthetically active radiation 
(400-700 nm) 
光合有效辐射 
Pmax Maximum photosynthetic rate 最大光合作用速率 
POC Particulate organic carbon 颗粒有机碳 
PON Particulate organic nitrogen 颗粒有机氮 
PSII Photosystem II 光系统 II 
r Repair rate 修复速率 
r/k Ratio of repair rate to damage rate 修复损伤比率 
ROS Reactive oxygen species 活性氧自由基 




TAG Trigalloyl glycerol 三脂酰甘油 
TCA Tricarboxylic Acid Cycle 三羧酸循环 
Tris Tis (hydroxymethyl) amino methane 三烃甲基氨基甲烷 
UV-A Ultraviolet radiation A (320-400 nm) 紫外辐射 A 
UV-B Ultraviolet radiation B (280-320 nm) 紫外辐射 B 
UVR Ultraviolet radiation (100-400 nm) 紫外辐射 
α Light efficiency 光能利用效率 


























游植物正是在这样一个波动的环境下生存繁衍的 (Armbrust, 2009)。 
海洋环境影响着浮游植物的生存状态，而一些重要的环境因子往往会成为浮
游植物生长的限制性因素，其中最主要的是营养盐 (Howarth, 2003)。Jeffrey 等
2007 年报道了一项连续 9 年的 SeaWiFS 遥感监测结果，表明大洋中寡营养盐地
区（叶绿素浓度小于 0.07 mg m-3）的范围在不断扩大 (Polovina et al., 2008)，这
意味着营养盐限制对全球初级生产力的影响程度也在增加。大部分的寡营养盐海
域受到氮、磷等常量营养元素的限制，中低纬度海域表层的年平均氮、磷浓度分
别小于 6 和 0.4 μM (Levitus et al., 1993)。而在中国南海海盆的夏季，氮浓度甚至
小于 2 μM，而磷浓度只有 0.2 μM 左右 (Yi et al., 2014)。有关调查发现，大洋表
层叶绿素浓度和浮游植物的光化学效率与氮浓度有着密切的关系，一般来说氮浓
度高的海域叶绿素浓度也相对较高（图 1-1） (Lin et al., 2016)。已有大量研究表
明，氮元素在许多大洋甚至沿岸地区是初级生产力的主要限制性因素 (Elser et al., 
2007; Tyrrell, 1999; Woodland et al., 2015)。也有研究指出，磷元素在更大的时间
尺度上是决定海洋初级生产力的“最终限制性营养盐”（Ultimate limiting nutrient） 
(Tyrrell, 1999)。 
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